We have investigated how hand strength affects pointing performance of people with and without mobility impairment in graphical user interfaces for four different input modalities. We have found that grip strength and active range of motion of wrist are most indicative of the pointing performance. We have used the study to develop a set of linear equations to predict pointing time for different devices.
INTRODUCTION
Most existing application interfaces in modern electronic devices are based on graphical user interfaces. Pointing tasks form a significant part of human machine interaction in those graphical user interfaces. This work presents a set of models to predict pointing time for different input devices based on quantitative analysis of effect of impairments on pointing performance. Among a few similar notable works, Gajos and colleagues [6] found that different combinations of functions involving distance and width of target can predict movement time for different types of mobility impairment. Keates and colleagues [7] measured the difference between able bodied and motor impaired users with respect to the Model Human Processor (MHP) [4] and motor impaired users were found to have a greater motor action time than their able bodied counterparts. Laursen and colleagues [8] investigated differences in muscle activities in shoulder, neck and forearm during pointing and unsurprisingly concluded that motor impairment demands more motor activity. However they did not try to correlate any pointing parameter with human factors. Smits-Engelsman [10] found active range of wrist significantly correlate with Fitts' Law [5] constants in pointing tasks for children with congential spastic hemiplegia. Price and Sears [9] used motion based sensors to quantify users' upper limb dexterity and a subsequent regression model explained 92% of the variance in user capabilities. Though the measurement technique is promising but yet to be standardized through reliability analysis (test-retest values) like techniques used by ergonomist and occupational therapists. It should also be investigated that how virtual reality gaming glove affected natural interaction and works with people having severe spasm in finger that impedes them to straighten it. Balakrishnan and MacKenzie [1] measures bandwidth of finger, wrist and arms of able bodied users during pointing task but did not extend their study for motor impaired users. Our previous study [2, 3] also found that grip strength can be used to predict parameters of a pointing task using a mouse. In this study we analyzed pointing task for four different input modalities and investigated how hand strength affects performance for people with and without mobility impairment.
The Study 2.1. Participants
We collected data from 12 mobility impaired users and 13 able bodied participants. The disabled participants were recruited from a local centre, which works on treatment and rehabilitation of disabled people, and they volunteered for the study. All mobility impaired participants were expert computer user and used a computer more than once each week. All able bodied participants were also expert computer users.
Material
We used a HP TouchSmart tx2 Notebook PC with 12.5" multi-touch screen having 1280 Х 800 pixels running Windows 7 operating system. We also used a standard Logitech mouse and a Kensington trackball as input pointing device. For touch screen, users pointed using their fingers and for stylus the HP stylus that came with the laptop. We used the same seating arrangement (same  table height and distance from table) for all participants. We measured the same variables for hand strength evaluation as in our previous study [2, 3] . We evaluated only one hand (the dominant hand) of the participants which they used to operate the input device.
Procedure
We conducted an ISO 9241 pointing task involving five different combinations of target width (W = 20, 30, 40, 50 and 60 pixels) and distance to target (A = 100, 140, 180, 240 and 300 pixels). Each participant undertook the pointCopyright is held by the author/owner(s). ASSETS'11, October 24-26, 2011, Dundee, Scotland, UK. ACM 978-1-4503-0919-6/11/10. ing task using a mouse, trackball, touch screen and stylus (in a horizontal position). For trackball and stylus, we kept the screen in flat position. The participants were tested for their visual acuity and color blindness. The target was blue in black background, which is fine for colour blind people and the smallest sized target (20 pixels) was visible for all participants. The participants did not have severe cognitive impairment like dyslexia or dementia that could impede their performance.
Results
We have analyzed the pointing tasks and calculated average velocity and the index of performance (IP), where, and (MT stands for Movement Time and ID stands for Index of Difficulty) for each participant. We used the same technique to measure ID and IP for all devices. It should be noted we did not use IP as a performance index, but just as a function to predict pointing time. We measured the correlation between the hand strength metrics and the velocity and IP (Table 1) . We also included the logarithm of grip strength (LOGGS) into the analysis as we found it correlated with different parameters of pointing in our previous study [2, 3] . We have found significant correlation only considering disabled users as well. We calculated the predictive power for all different combination of hand strength metrics. We have found that grip strength and active range of motion of wrist are most indicative of the pointing performance. We used a multiple regression model and performed a 10-fold cross validation test using the WEKA system to predict IP from grip strength and active range of motion of wrist and used that to predict MT. Figure 2 shows the scatter plot between actual and predicted movement time. The correlations for are statistically significant for all cases (trackball ρ = 0.80, mouse ρ = 0.55, touch screen ρ = 0.53, stylus ρ = 0.70, p < 0.01). The percent error is less than ±40% for more than 60% trials.
Conclusions
In this study, we have investigated how hand strength affects pointing performance of people with a wide range of abilities for four different pointing devices. We have developed a set of linear equations to predict pointing time and average number of sub-movements for different devices. We have already used the study to design a simulator that can predict interaction patterns of mobility impaired users. We are now using the study to optimize design and developing adaptation algorithms for a multimodal digital TV interface. 
